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MULTIDIMENSIONAL FLUID DYNAMICS CALCULATIONS WITH HIGH SPEED COMPUTERS

C. W. Hirt
Los Alamos Scientific ILeboratory
University of California

ABSTRACT

A brief survey is presented of several time dependent numerical methods for multi-
dimensional fluid problems in use at the Los Alamos Scientific Laboratory. Emphasis is
placed on the <mn.m.m3~ of problems which can be treated, as well as on the limitations of
the methods used Wo treat them. No details are given OH the specific numerical procedures.
Three examples are presented. The first, the interaction of a shock with a bubble, illus-
trates a type of mixed Eulerian and lLagrangian method of calculation. The second example,
a shock moving down a bent channel, illustrates a pure Lagrangian calculation. The third
example illustrates an incompressible fluid calculation based on a pure Eulerian method.

In the second two examples comparisons are made with experimental data. The presentation

of these problems is supplemented with several slides and two short movies.

I. INTRODUCTION

In this paper a brief survey is made of several sm&womm used for the numerical solu-~
tion of multimaterial and multidimensional fluid dynamics problems. In particular, three
methods will be described which are currently in use at the Los Alamos Scientific Labora-
tory. One additional method will be described by T. D. Butler in another paper.
The aim of this paper is twofold. First, it is an introduction for persons with no
previous experience in time dependent numerical methods, to the variety of problems which
have been successfully treated. Second, it is hoped that this paper will acquaint those
persons with some experience in time dependent numerical methods with a wider class of
methods, together with their advantages and disadvantages.

To satisfy the introductory nature of this paper we discuss three quite different

problems. The first problem deals with a type of two material calculation in which a

*Hﬁ.m work was performed under the auspices of the U. S. Atomic Energy Commission.

shock encounters a bubble in the interior of an explosive material. The second problem
involves the calculation of a shock passing down a bent rectanguler channel, and the
third problem conslders the wake of a flat plate usm.ﬁm:m“_.w accelerated in a viscous in-
n,osww.mmm“_.du.w fluid.

In each of these problems a different numerical approach has been used, In the first
problem.the explosive material is represented by a system of particles which move rela-
tive to a fixed (Eulerian mesh). In the second problem the fluid is again represented
by a system' of particles, but in this case there is no mesh, the particles are moved rela-
tive to one another according to appropriately chosen pairwise forces. This is a pure
lagrangian method. In the third problem, which involves an Hnoouﬂu.mmmudw.m fluid, fluid
quantities are calculated at the boundaries of a fixed Eulerian mesh. No use is made of

particles in this method so this is a pure Eulerian method.

II. DISCUSSION OF THE PROBLEMS
A. Hot Spot Formation

Motivation for this problem arose in connection with experimental studies of shock
waves in explosive materials. These studies indicated that a shock, which would not de-
tonate a homogeneous explosive, could detonate the same explosive if it was sufficiently
inhomogeneous. The following model situation was devised to study this H%.wshz_zmuou.d
A plane shock moves along the axis of a cylinder of nitromethane, the shocked nitro-
methane having a temperature of dmooom which is insufficient to produce an immediate de-
tonation. The shock then encounters a spherical void in the interior of the explosive,
The interaction of the shock with this "inhomogeneity” produces local hot spots with
temperatures exceeding 1400°K, Since nitromethane is highly exothermic sbove 1400°K
these hot spots can initiate a detonation.

The theoretical studies based on this model were performed using the Particle-In-

2
Cell method,” i.e., particles moving relative to an Eulerian mesh., This method is par-
ticularly suited to problems involving material interfaces. The disadvantage of using

rarticles is that density and pressure profiles show fluctuations that are often un-
desirable.

The calculations of hot spot formation with the Particle-In-Cell method were
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The left hand side of Fig. 3 shows a system of isothermals at the corresponding Reynolds
numbers. In these pictures the rear side of the plate was maintained at a constant tem-
perature (greater than the free stream temperature), and heat conduction terms were in-
cluded in the basic transport equations. The fluid density is assumed constant in this
problem so that the conduction of heat does not affect the fluid dynamics. A recent ex-
tension of this method, however, has been developed to treat the classical Bénard prob-
lem, the convection of heat between two parallel plates. In the Bénard problem the con-
duction of heat does affect the fluid dynamics through the gravitational force term.

A comparison between the calculated streaklines behind a flat plate and the experi-
mentally observed stresklines (dye trails) behind a circular nvm_hummwﬂ
Both cases correspond to a Reynolds nmumber of 100.

Additional comparisons have been made for this problem with other availsble experi-
mental data; for example, with the plate drag coefficient as a function of time and with
velocity profiles behind the wwm&o.m Furthermore, a movie has been prepared showing the
evolution of streaklines and streamlines for a Reynolds number of 200. This movie was

assembled in a manner identical to that used for the bubble problem.
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Figure 2. Comparison between calculated pressure histories and the average
measured pressure (dashed line) at point I, upper graph, and
at point II, lower graph. The pressure is measured in units of
the atmospheric pressure Pye
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Figure 4.

The upper picture illustrates dye trails observed behind a cir-
cular cylinder. The lower picture shows the calculated streak-

lines behind a flat plate. Both pictures correspond to a
Reynolds number of 100.




